To survive in harsh environments, phyllosphere microorganisms have developed numerous adaptive strategies against stressors. One such strategy is the synthesis of compounds that absorb ultraviolet A radiation (UVA). The chemical structure of a UVA-absorbing compound from Methylobacterium sp. strain W-213 was elucidated by spectroscopic analyses. 1 H, 13 C, and two-dimensional nuclear magnetic resonance spectra indicated the presence of N-methyl-α-galactosamine. The entire structure was revealed by interpretation of INADEQUATE and high-resolution liquid chromatography/electrospray ionization mass spectra. The absolute configuration was established by X-ray analysis and the compound was identified as 2-{(4aR,6R,7R,8R,8aR)-7,8-dihydroxy-6-hydroxymethyl-1,2-dimethyl-4aH, 6H,7H,8H,8aH-pyrano[2,3-b][1,4]oxazin-3-yl}-2-iminoacetic acid and named 'methylobamine'. Methylobamine shows promise for pharmaceutical and cosmetic applications due to its high polarity, UVA absorption properties, and stability under UVA exposure.
Phyllosphere microorganisms experience extreme daily temperature fluctuations, limited nutrient access, and harmful ultraviolet (UV) irradiation. To survive in such harsh environments, they have developed numerous adaptive strategies against these stressors [1] . We focused on adaptations to cope with UV irradiation, because UV absorbers derived from natural sources are promising candidates for pharmaceutical and cosmetic applications. In addition, consumer interest in natural cosmetic ingredients has yielded an expanding market. Ultraviolet A radiation (UVA: 315-400 nm) is particularly damaging to human skin. In a previous study, we identified several bacterial species that absorb UVA from a set of 200 strains obtained from various plant surfaces. The UVabsorbing compound (1) purified from Methylobacterium sp. strain W-213 showed a high polarity and a UVA absorption spectrum analogous to that of a commercial UVA filter, avobenzone [2] . In the present study, we elucidated the chemical structure of 1, named 'methylobamine'.
The molecular formula of 1, C 12 H 18 N 2 O 7 , was deduced from the presence of twelve carbon atoms in its 13 C NMR spectrum and a high-resolution liquid chromatography/electrospray ionization (LC/ESI) mass spectrometric ion at m/z 303.1187 ([M + H] + , Yoshida et al. with δ C 73.4 (C-6'), a small coupling constant between H-7' and H-8' (J = 3.0 Hz), and a large coupling constant between H-8' and H8a' (J = 9.6 Hz) in the 1 H NMR spectrum (Table 1 ). The small coupling constant (J = 3.0 Hz) between the anomeric protons at δ H 5.25 indicated that the sugar was an α-pyranose. Anomerization was not observed during the handling of 1 in aqueous solution, suggesting that the hydroxyl group at C-4a' was substituted with a functional group. Additionally, the 3 J H,C correlation of δ H 3.73 (H8a') with δ C 42.6 (N-CH 3 ) showed that the hydroxyl group at C-8a' was substituted with a methylamino group (Figure 1 ). Based on these observations, the sugar moiety of 1 was elucidated as Nmethyl-α-galactosamine, which was shown to constitute a pyranooxazin moiety through the analyses described below. The small number of hydrogen atoms hampered heteronuclear multiple-bond correlation (HMBC) spectral analyses to elucidate linkages to other carbon atoms. To investigate the C-C skeleton of 1, we used 13 C-enriched 1 that had been isolated from Methylobacterium sp. strain W-213 cultivated on a medium containing D-[ , calculated for 259.1288) in the high-resolution LC/ESI mass spectrum of 1 suggested the presence of a carboxyl group, assigned to C-1 due to its chemical shift (δ C 168.6). The 3 J H,C correlation of δ H 3.24 (N-CH 3 ) with δ C 154.1 (C-2') showed that C-2' was substituted with the above-mentioned methylamino group, Nmethyl-α-galactosamine (Figure 1 ). In addition, the absorption peak at 355 nm in the UV absorbance spectrum of 1, together with the presence of two nitrogen atoms evident in the high-resolution LC/ESI mass spectrum, implied a conjugated system, such as [N-
. Substitution of C-2 and C-3' with an amino group and a hydroxyl group, respectively, the addition of another bond among the linear structure elucidated from the INADEQUATE spectrum and the N-methyl-α-galactosamine group satisfied the molecular formula C 12 H 18 N 2 O 7 . Thus, the most plausible structure for 1 is that of an iminoacetic acid substituted with a pyranooxazin moiety at C-2. We confirmed the proposed structure using X-ray analyses of the crystal, elucidated as 2-{(4aR,6R,7R,8R,8aR)-7,8-dihydroxy-6-hydroxymethyl-1,2-dimethyl-4aH,6H,7H,8H,8aH-pyrano [2,3-b] [1, 4] oxazin-3-yl}-2-iminoacetic acid (1), named hereafter methylobamine (Figure 2) . The absolute configuration of 1 suggests that the pyranooxazin moiety was biosynthesized from D-galactose ( Figure 3) . The calculated bond distances between C-2' and C-3' (1.395 Å), and C-3' and C-2 (1.385 Å) were shorter than that of a typical C-C bond (1.54 Å) and longer than that of a typical C=C bond (1.33 Å). Likewise, the calculated bond distances between C-2 and its adjacent nitrogen atom (1.332 Å), and C-2' and its adjacent nitrogen atom (1.333 Å), were shorter than that of a typical C-N bond (1.48 Å) and longer than that of a typical C=N bond (1.28 Å). These observations support the conjugated system discussed above.
In our previous study, the degree of UV absorbance was highly dependent on the solvent used for the extraction of freeze-dried cells [2] . Although this result may have been due solely to differences in extraction efficiency, it is possible that the extraction solvent affected the localization of electrons in the conjugation system. Here, we measured the UV spectrum of 1, using 0, 30, 50, 80, and 100% MeOH in water, and EtOH as the extraction solvent. All of these measurements yielded identical results, suggesting that the UV absorption efficiency of 1 is independent of solvent. Note that the UVA absorption stability of 1 under UVA exposure has already been confirmed [2] . These observations indicate that 1 is a promising candidate for use in pharmaceutical and cosmetic applications.
Experimental
General procedures: NMR spectra ( 1 H and 13 C NMR, 1 H-1 H COSY, HMBC, heteronuclear multiple quantum coherence [HMQC], INADEQUATE) were measured using a JEOL JNM− A600 spectrometer (JEOL Ltd., Tokyo, Japan). The chemical shifts (δ) of 1 H NMR (600 MHz) and 13 C NMR spectra (150 MHz) were obtained in ppm relative to TMSP-d 4 (0.025% in D 2 O). Optical rotation was recorded using a JASCO P-1020 polarimeter. UV spectra were obtained on a UV/Vis spectrophotometer (Ultrospec 2000, GE Healthcare, Waukesha, WI, USA, formerly Pharmacia) with SWIFT II analytical software (GE Healthcare). LC/ESI-MS instrumentation and settings were as follows: Nexera (Shimadzu, Kyoto, Japan); Q Exactive (Thermo Fisher Scientific, Yokohama, Japan) equipped with an electrospray interface (ESI); Cadenza CD-C18 column (2.0 mm i.d. × 150 mm, Imtakt, Portland, OR, USA); flow-rate of 0.2 mL min −1 ; detection wavelengths of 190-800 nm (total scan); eluent: linear gradient from 10 to 95% MeOH in 0.1% HCOOH aqueous solution for 15 min. D-[ 13 C 6 ]Glucose (min 98 atom % 13 C) was purchased from Chlorella Kogyo Co. (Tokyo, Japan). UVA-Absorbing compound from Methylobacterium sp. O, 3 g NaCl, and 15 g agar, per 1,000 mL). The plates were then incubated for 7 days at 25°C under approximately 12h-12h fluorescent light-dark cycle. After incubation, bacterial cells grown on the plates were harvested using a cotton swab and suspended in sterilized distilled water. A cell pellet (total mass 1.86 g) was obtained by centrifugation (9000 × g, 5 min) and freezedried. The UVA-absorbing compound in the cell pellet was extracted with 80% MeOH, and a crude extract was obtained using a previously described procedure [2] . The crude extract was purified using a pre-packed strong cation exchange column (PoraPak Rxn CX, Waters, Milford, MA, USA), followed by a prepacked C18 column (Bond Elut C18, 500 mg, Agilent, Santa Clara, CA, USA), as reported previously [2] . The eluent was further purified by high performance liquid chromatography (HPLC) (Delta 600 pump with 2414 refractive index detector; Waters) using an analytical grade reversed-phase column (Atlantis T3 column, 150 × 4.6 mm i.d. X-ray analysis of 1: Colorless, prism-shaped crystals of 1 were obtained by recrystallization from EtOH in water. Crystal data were collected on a Rigaku R-AXIS RAPID diffractometer using filtered Cu-Kα radiation (λ = 1.54178 Å). A total of 9951 frames were detected with the detector set at different positions of 2θ. Each frame covered 0.20° in ω. Of the 11948 reflections accumulated with 80.0° ≤ 2θ ≤ 260.0°, 2605 were independent (R int = 0.0717). The structure of 1 was solved by direct methods using SIR2011 [3] . Refinements were performed with Olex2 [4] using full-matrix leastsquares calculations on F 2 , with anisotropic displacement parameters for all non-hydrogen atoms. A full-matrix least-squares analysis of the 212 variables produced conventional crystallographic residuals R 1 = 0.0498 (wR 2 = 0.0960) for the 2605 observed data points with I > 2σ(I) and R 1 = 0.0571 (wR 2 = 0.1025) for all data. The goodness-of-fit was 1.0527. A final difference Fourier map indicated a residual density between −0.2567 and 0.2904 e/Å 3 . The Flack parameter [5] with a refined value of -0.1 (2) was used to assign the absolute configuration. The hydrogen atom positions were geometrically idealized and allowed to ride on their parent atoms. Supplementary data: The high-resolution LC/ESI mass spectrum data of 13 C-enriched 1 is available.
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